In previous studies, respiring Bradyrhizobium sp. strain 32H1 cells grown under 0.2% 02, conditions that derepress N2 fixation, were found to have a low proton motive force of <-121 (1, 8, 13-15, 20, 24, 26). K+ ions have been assigned a role in regulating the internal pH in Escherichia coli and other bacterial cells, particularly at alkaline pH (2-4, 20, 22, 24, 26 K+ loading and depletion. For K+ loading, cells were harvested, suspended in MOPS-Tris buffer, pH 7.0, and incubated for 30 min at 28°C with 6.6 mM D-arabinose, 12.3 mM sodiut succinate, and 10 mM KCI. The cells were then centrifuged, washed twice with MOPS-Tris buffer, pH 7.0, and resuspended in the buffers described above. For K+ depletion, the cells were harvested, washed twice, resuspended in 50 mM N-tris-(hydroxymethyl)methyl-3-aminopropanesulfonic acid (TAPS), adjusted to pH 8.5 with Tris base (TAPS-Tris buffer), shaken for 15 min at 28°C in 21% 02, recentrifuged, and then resuspended in the buffers described above.
The magnitude of the proton motive force (Ap) of cowpea Bradyrhizobium sp. strain 32H1 is dependent on the growth conditions (7) . Cells grown under atmospheric 02 (high [02] ), conditions that repress N2 fixation, had a Ap of -185 mV or more, negative and alkaline inside. A Ap of this magnitude is typical of respiring bacteria (for a review, see reference 12) . In contrast, cells grown under 0.2% 02 (IOW [02] ), conditions permitting N2 fixation, had a Ap of -121 mV or less. The low Ap of low-[021-grown cells was due to a low transmembrane electrical gradient (AI),. whereas the pH gradient (ApH) was similar to that of high-[02]-grown cells. We hypothesized that the low A* was the result of an increased electrogenic H+-linked flux of another ion in cells grown under low 02 tensions. The most obvious candidate was K+, because this cation has been shown to convert Al into ApH in a number of bacterial systems (1, 8, 13-15, 20, 24, 26) . K+ ions have been assigned a role in regulating the internal pH in Escherichia coli and other bacterial cells, particularly at alkaline pH (2-4, 20, 22, 24, 26) . K+ has also been shown to be required for maintenance of a high Aif in E. coli incubated in Tris buffer at alkaline pH (11) .
In this report, we show that the A* of bradyrhizobia is low or 1 mM, and the cell suspension was incubated with rapid shaking overnight at 28°C in the 02 concentration used during growth. The cells were then harvested, washed six times to remove the 2,4-dinitrophenol, resuspended in the buffer described above to a final cell density of 2.3 to 3.8 mg (dry weight) per ml, and placed in a waterjacketed electrode chamber for external pH measurements. The reaction mixture (4.0-ml total volume) was mixed continuously and sparged with humidified, 02-free N2. After the addition of cells, carbonic anhydrase (2 mg/ml), and KSCN (50 mM) to the buffer, the incubation mixture was allowed to equilibrate at pH 6.0 to 6.3 for about 30 min at 28°C. For low-[K+] experiments, NaOH-neutralized MOPS buffer and NaSCN were used. A known amount of anaerobic HCI was added to start the reaction, which was monitored by recording the pH of the medium. The internal, external, and total buffering powers and the conductance to H+ (Cm) were calculated from the rates of realkalinization of the medium (18, 23) .
Rate of respiration. (11, 19, (25) (26) (27) (Fig. 3) . Whether the cells were depleted of K+ (Fig. 3A) or loaded with K+ (Fig. 3B) The putative NKH system was expressed only in cells grown under 02 tensions that also derepress N2 fixation (7) and an ammonium transport system (6 The consequence of the postulated NKH activity is rerouting of proton circuits. When the NKH system is operational, as in K+-loaded cells, it becomes the major proton sink. This results in a low transmembrane proton electrochemical gradient, as well as a high H+/ATP ratio of 3.8 in respiring cells (7) . When cells containing the NKH system are depleted of K+, however, they maintain a proton gradient as large as that of cells grown under low-[K+] or high-[02] conditions or of other respiring bacteria. In this case, the major route of H+ influx presumably occurs through the H+-ATPase, giving an apparent H+/ATP ratio of 2 in respiring cells (7) . Thus, in this organism, the alteration in K+ cycling results in a significant modulation of the Ap, not just the interconversion of its components. It is also of interest that bradyrhizobia grown under conditions that derepress nitrogenase possess a low bulk proton gradient. Presumably, bacteroids in the plant cytosol exist in a medium containing at least millimolar K+ concentrations, which would suggest that the NKH system is present and active in bacteroids.
